Pasteurella haemolytica is the principal bacterial pathogen in the bovine respiratory disease complex. This organism produces an exotoxin (referred to as leukotoxin) during logarithmic-phase growth that is a potent leukocyte-modulating agent. At low concentrations, it activates neutrophils and mononuclear phagocytes to release inflammatory mediators, while at the same time making these cells destined to undergo apoptotic cell death. At higher concentrations, the toxin causes rapid swelling and loss of cell viability. In this study, we demonstrated that toxin binding can be directly evaluated by flow cytometry with biologically active biotinylated leukotoxin. Leukotoxin binding was blocked by the addition of a neutralizing anti-leukotoxin monoclonal antibody and was not detected when bovine leukocytes were incubated with culture filtrates from a mutant strain of P. haemolytica that does not produce biologically active leukotoxin. In addition, treatment of bovine leukocytes with protease K eliminated subsequent binding of leukotoxin, suggesting that there is a protein on the leukocyte surface that is either a leukotoxin binding site or is required for stabilization of leukotoxin binding. We did not detect binding of biotinylated leukotoxin to porcine or human leukocytes, which have been reported previously to be resistant to the lytic effects of the leukotoxin. These findings suggest that there may be a specific binding site for P. haemolytica leukotoxin on bovine but not on porcine or human leukocytes and that it might be involved in the activation and lytic activities of the leukotoxin.
Pasteurellosis is a major economic problem for cattle and sheep industries throughout the world. Bovine pasteurellosis, which is caused by infection of the lung with Pasteurella haemolytica A1, is estimated to cause more than $800 million in annual losses for the U.S. beef cattle industry (16) . P. haemolytica A1 normally resides in the tonsillar crypts as part of the microbial flora of healthy cattle (16) . However, when cattle are stressed by shipment, or experience active viral infection, P. haemolytica A1 increases in number and is inhaled into the lung, where it multiplies rapidly (10) . During logarithmic growth, it secretes a 104-kDa leukotoxin (LKT) that has a wide array of biological effects on bovine leukocytes (1, 40, 41) . At low concentrations, the LKT stimulates bovine neutrophils and mononuclear phagocytes to produce reactive oxygen intermediates, to degranulate, and to release eicosanoids and cytokines (8, 13, 20, 25, 26, 33, 38, 43, 45, 48) . P. haemolytica also stimulates bovine alveolar macrophages to express procoagulant activity on their surface, which can amplify fibrin deposition (6, 35) . Presumably this activity, which can even be expressed on dead alveolar macrophages, is caused at least in part by the LKT. LKT inhibits bovine lymphocyte proliferation, and major histocompatibility complex class II antigen expression, without necessarily causing cell death (12, 21, 27) . Similar concentrations of LKT cause bovine leukocytes to undergo apoptosis (44) , whereas greater concentrations of LKT cause rapid swelling and lysis of leukocytes (1, 9, 11, 33, 41, 45) . The net result of these activities is severe inflammation of the lung, as exemplified by the fibrinous pleuropneumonia of acute pulmonary pasteurellosis in cattle (i.e., "shipping fever") (10, 42) .
The P. haemolytica LKT is a member of a large family of exotoxins produced by gram-negative bacteria. Known as the RTX family (for repeat in toxin), these toxins share a similar synthesis and secretion system and exhibit related biological activities (30, 47) . The N-terminal ends of RTX toxins possess several lipophilic regions that are thought to cause pore formation, or other membrane defects, in susceptible cells (3, 4, 23, 32) . These cells then exhibit increased uptake of extracellular Ca 2ϩ , loss of normal membrane permeability, and release of K ϩ and macromolecules such as ATP (9, 18, 45, 46) . The mechanism by which the LKT causes these changes in bovine leukocytes has not been delineated. The specificity of the LKT for ruminant leukocytes, and the lack of an effect on leukocytes from other species (41), suggests there is a specific binding site on ruminant leukocytes. However, such an LKT binding site (i.e., receptor) has not been previously described. Efforts have been made to identify binding of the related Escherichia coli hemolysin, and other RTX toxins, to leukocytes and erythrocytes (2, 5, 11, 15, 22, 24, 36, 37, 39) . However, these have usually relied on cell death as an indirect indication of toxin binding rather than direct measurement of the binding event itself.
The hypothesis addressed in this study was that binding of P. haemolytica LKT to leukocytes can be demonstrated by flow cytometry and that binding reflects the biological specificity of LKT for leukocytes. We succeeded in demonstrating binding of biotinylated LKT to bovine leukocytes. Binding was not detected when we used biotinylated culture filtrates from an LKT mutant of P. haemolytica. Binding of active LKT was blocked by the addition of a neutralizing anti-LKT monoclonal antibody (MAb) and was dependent on the presence of a protease K-sensitive molecule on the leukocyte surface. Furthermore, LKT did not bind to mammalian species of leukocytes (i.e., pig and human) for which it has no biological activity. These findings suggest there is a relationship between the binding of P. haemolytica LKT and its biological effects on leukocytes.
MATERIALS AND METHODS
Leukocyte preparation. Peripheral blood was collected from healthy Holstein donor cows with vacutainer tubes (Becton-Dickinson, Rutherford, N.J.) containing sodium citrate (0.38% final volume) as anticoagulant. The blood was centrifuged (250 ϫ g for 20 min), and the platelet-rich plasma was removed. The blood cells were centrifuged again (650 ϫ g for 20 min), and the buffy coat cells were collected. Peripheral blood mononuclear cells (PBMCs) were obtained as described previously (43) . Briefly, the buffy coat cells were diluted 1:4 (vol/vol) in Ca 2ϩ -and Mg
2ϩ
-free Hanks balanced salt solution (HBSS) with 0.25% bovine serum albumin (BSA) and 10 mM EDTA (HEDTA) and overlaid on Nycoprep gradients (1.081 density; Nycomed, Oslo, Norway). These were centrifuged (350 ϫ g) at room temperature for 30 min, and the mononuclear cell fractions were collected, washed four times at 4°C in Ca 2ϩ -and Mg 2ϩ -containing HBSS, and resuspended in RPMI 1640 with 5% fetal bovine serum at 10 7 cells/ml. Neutrophils were obtained as described previously (43) by rapid hypotonic lysis and centrifugation through a Percoll gradient (Pharmacia, Uppsala, Sweden). The neutrophil pellets were washed twice in HBSS and resuspended at 10 7 cells/ml in HBSS, or in RPMI 1640, with 5% fetal bovine serum. These cell suspensions were greater than 95% neutrophils, as determined by evaluation of Diff-Quik-stained cytocentrifuge smears. Both neutrophil and mononuclear cell populations were greater than 95% viable, as estimated by trypan blue exclusion.
Pasteurella haemolytica. Two strains of P. haemolytica A1, obtained from G. Weinstock (Houston, Tex.), were used in this study. The first of these (strain 59B049) was a wild-type strain isolated from a pneumonic bovine lung. This parent strain was mutagenized with nitrosoguanidine to obtain a leukotoxin mutant (strain 59B0071) that lacked detectable leukotoxin activity but was unaltered in rate of growth, antibiotic susceptibility, and production of other known virulence determinants (7) . Consistent with its lack of leukotoxin production, mutant strain 59B0071 exhibited reduced virulence for experimentally infected calves (34) . Although we observed a protein with a molecular mass (estimated as 100 kDa) similar to that of biologically active LKT in the culture filtrates of this P. haemolytica mutant, it has been reported that this mutant does not produce LKT, as detected by enzyme-linked immunosorbent assay or Western blot analysis (34), and we consistently detected no leukotoxic activity or leukocyte binding by its culture filtrates.
Leukotoxin production and purification. All leukotoxin preparations were produced and partially purified as described previously (13, 44) . Briefly, P. haemolytica A1 was inoculated onto blood agar and incubated overnight (Remel, Lenexa, Kans.) at 37°C. The bacteria were washed from the agar surface with 10 ml of brain heart infusion broth that contained 0.5% yeast extract (BHI/YE; Difco, Detroit, Mich.) and incubated at 37°C for 1 h while rotating (8 rpm) in 15-ml polypropylene tubes. For each bacterial strain, a 10-ml aliquot of this suspension was then used to inoculate 200 ml of BHI/YE in a 500-ml Erlenmeyer flask. The flask was then incubated for 2 h at 37°C with gentle shaking. The bacteria were then collected by centrifugation (1,600 ϫ g for 15 min), resuspended in 200 ml of RPMI 1640 supplemented with L-glutamine (4.0 mM), and incubated on a shaker apparatus for 4 h at 37°C. The bacteria were harvested by centrifugation (1,600 ϫ g for 20 min), and the crude leukotoxin-containing supernatant was collected and passed through a 0.45-mm-pore-size bottletop filter (Nalgene, Rochester, N.Y.) to remove any residual bacteria. Aliquots (20 ml) of crude leukotoxin were concentrated over an Amicon ultrafiltration unit equipped with a 62-mm-diameter XM-50 ultrafiltration membrane. The volume was then reduced to 10 to 20 ml over a 1-to 2-h period by applying 60-psi transmembrane pressure with nitrogen gas. The partially purified leukotoxin preparation that remained was then collected and stored as 5-ml aliquots at Ϫ70°C. To further purify the leukotoxin, aliquots were thawed, concentrated to approximately 0.5 ml, and chromatographed by size-exclusion high performance liquid chromatography (HPLC) with a GPC-500 (or in some instances GPC-100) sizing column (Alltech). To do this, the LKT (0.5 ml) was loaded onto a column (1 by 25 cm) at a flow rate of 2 ml/min with an elution buffer of 50 mM HEPES, 150 mM NaCl, 1 mM CaCl 2 , and 1 mM dithiothreitol (pH 7.4). Leukotoxic activity, which eluted in approximately 7 to 8 min, was confirmed by trypan blue exclusion in bovine peripheral blood leukocytes incubated with eluted fractions for 30 min at 37°C. When we assessed the leukotoxic activity (where 1 U is defined as the dilution causing 50% killing of bovine peripheral blood leukocytes as determined by trypan blue exclusion), we found that the crude leukotoxin had 881 Ϯ 1.5 U of activity per mg of protein, the ultrafiltration-concentrated leukotoxin had 5,805 U per mg of protein, and the HPLC-chromatographed leukotoxin had 12,170 Ϯ 630 U per mg of protein. To verify the purification of the LKT, an approximately 2-g sample was loaded onto a Vydac C-18 microbore reversed-phase HPLC column and eluted with a linear gradient of trifluoroacetate (TFA) and acetonitrile (buffer A, 0.1% TFA in H 2 O; buffer B, acetonitrile-TFA). This yielded a sharp peak of protein, suggesting that the LKT preparation was relatively pure (data not shown). Purified LKT was stored at Ϫ80°C until used in an experiment.
Biotinylation of LKT. To biotinylate the LKT, an 80:1 molar ratio of NHS-LC-biotin (Pierce Chemical, Rockford, Ill.) to purified LKT was incubated in an ice bath for 20 min. The mixture was then concentrated to 1 ml in a prechilled Amicon Centricon tube (50-kDa cutoff), and the reaction was stopped by the addition of crystalline BSA (30 mg) and incubated at 4°C for 30 min. Unbound biotin was eliminated by buffer exchange over a Sephadex G-25 column (1 by 25 cm) with phosphate-buffered saline (PBS) (pH 7.2) as elution buffer. The LKT eluted in the void volume in 7 to 8 min, as monitored by absorbance at 280 nm. Total protein in the eluted LKT (prior to the addition of BSA) was determined by using the microplate Bradford assay (43) . Leukotoxicity was assessed by incubating biotinylated LKT with bovine peripheral blood leukocytes for 30 min at 37°C, followed by trypan blue exclusion. We routinely found that biotinylation did not substantially diminish leukotoxic activity (12,170 Ϯ 630 U per mg of protein and 12,258 Ϯ 1,808 U per mg of protein before and after biotinylation, respectively). If a preparation contained substantially reduced leukotoxic activity, it was discarded.
Protease K treatment. Suspensions of PBMCs or peripheral blood neutrophils (PMNs) (5 ϫ 10 6 cells in a 0.2-ml volume) were incubated with 100 g of protease K (Sigma) for 5 min at room temperature. The cells were then washed and resuspended in HBSS. If cell clumping occurred, the cell suspension was filtered through a nylon mesh (pore size, 40 m). Cell viability was not adversely affected by protease K treatment, as assessed by trypan blue exclusion. In five separate experiments, the mean Ϯ standard error of the mean (SEM) percentages of viable cells for protease K-treated and control PMNs were 95.8 Ϯ 2.4 and 97.2 Ϯ 1.0, respectively, and for protease K-treated and control PBMCs they were 98 Ϯ 0.9 and 90.3 Ϯ 2.9, respectively.
To estimate the possible carryover of protease K on treated cells, we determined the proteolytic activity of protease K-treated and control cells by using a casein hydrolysis assay. Cell suspensions, or the supernatant of cells washed with HBSS, were added to a tube containing 0.2 ml of casein solution (2 mg per ml in PBS [pH 7.2]) and incubated at 37°C for 45 min. Controls included tubes with a known amount of protease K (4 g) or casein alone. The tubes were then cooled in an ice bucket, and the intact casein was precipitated with 5% (vol/vol) trifluoracetic acid. The tubes were centrifuged at 14,000 ϫ g for 10 min, and the supernatant was removed to estimate degraded peptide by using the bicinchoninic acid colorimetric assay (Pierce Chemical).
Flow cytometry. Bovine PMNs or PBMCs were incubated with biotinylated LKT (10 to 20 g of LKT per 2 ϫ 10 6 to 5 ϫ 10 6 cells) for 45 min at 4°C. In later experiments we learned that LKT binding could be detected with as little as 1.5 g of LKT per 5 ϫ 10 6 cells and that incubation for as little as 10 min at 4°C gave maximal binding (data not shown). Cells were washed once and resuspended in HBSS. Extra-avidin-fluorescein isothiocyanate (FITC) (4 l) (Sigma) was added, and the cells were incubated for 30 min at 4°C. The cells were washed once with 15 ml of HBSS and resuspended in 1 ml of HBSS. The stained cells were fixed with 0.4% paraformaldehyde (final concentration) and analyzed by flow cytometry with a Coulter Epics-C flow cytometer (5,000 to 50,000 cells were scored for green fluorescence on a log scale). Controls included cells incubated in medium alone, or incubated with biotinylated culture filtrate from the P. haemolytica LKT mutant, before exposure to extra-avidin-FITC.
LKT cross-linking. Approximately 5 ϫ 10 7 PMNs or PBMCs were suspended in 5 ml of PBS. Biotinylated toxin was added (100 g), and the cells were incubated at 4°C for 45 min. The cross-linking agent DSS (Pierce Chemical) was dissolved in dimethyl sulfoxide (1 mg/ml), added to the toxin-labelled cells at a final concentration of 300 g/ml, and held in the refrigerator for 18 h. The mixture was then centrifuged, and the cell pellet was washed with PBS. The washed pellet was resuspended in 200 l of sodium dodecyl sulfate-polyacrylamide gel electrophoresis sample buffer (containing 1% sodium dodecyl sulfate and 1% 2-mercaptoethanol) and boiled for 5 min. The total protein in the cell pellets was estimated to be approximately 10 mg as determined by the Bradford assay. The samples were loaded at 5, 15, and 30 l in replicate lanes of a 10% minigel and cast with a 5.5% stacking gel. A mixture of biotinylated molecular weight standards (Sigma) was included on each of two gels. After completion of the run, the gels were blotted onto nitrocellulose membranes (Amersham) for 3 h at 500 mA (approximately 50 V). The blots were blocked overnight in 2% BSA in PBS, washed briefly with PBS, and probed with extra-avidin-alkaline phosphatase (Sigma) for 45 min at room temperature (1:2,000 dilution). After 3 washes with PBS, the blots were developed with 5-bromo-4-chloro-3-indolylphosphate toluidinium-nitroblue tetrazolium substrate (Sigma).
Leukotoxin-neutralizing MAb. A murine MAb (immunoglobulin G1) that neutralizes the cytolytic effects of P. haemolytica LKT was generously provided by S. Srikumaran (Lincoln, Nebr.). Preparation (13) and use of this MAb (MM601) (7, 33, 43, 44) have been described previously.
Statistical analysis. Data were analyzed for statistical significance using a repeated measures analysis of variance, followed by the Tukey-Kramer multiple comparisons test as performed by the Instat software program (GraphPad, San Diego, Calif.).
RESULTS

Detection of biotinylated LKT binding to bovine leukocytes by flow cytometry.
After determining that the biotinylated LKT retained its cytotoxic activity (as assessed by uptake of trypan blue by LKT-treated bovine peripheral blood leukocytes), it was used as a probe to detect LKT binding to bovine leukocytes by flow cytometry. Purified bovine PMNs and PBMCs were separately incubated with biotinylated LKT for approxi-mately 45 min at 4°C as described in Materials and Methods. The cells were then incubated with extra-avidin-FITC and analyzed by flow cytometry using a Coulter Epics C flow cytometer. As shown in Fig. 1 , we consistently observed a sharp peak of LKT binding to bovine PMNs. Incubation of PMNs with leukotoxin in the presence of a neutralizing anti-LKT MAb (MM601) eliminated LKT binding ( Fig. 1 and Table 1) , whereas incubation with a nonneutralizing anti-LKT antibody, or control MAbs, did not prevent binding (data not shown). Binding appeared to require biologically active leukotoxin. Heating LKT at 60 or 70°C for 30 to 60 min (which results in a substantial drop in leukotoxic activity) reduced maximal binding, as detectable by flow cytometry, by 73% (mean of two experiments). Furthermore, preincubation of cells with heatactivated LKT did not reduce subsequent binding of biologically active biotinylated LKT as detected by flow cytometry (data not shown). A lower percentage of PBMCs than PMNs bound LKT (Fig. 1) , and binding of LKT to PBMCs was blocked by addition of the neutralizing anti-LKT MAb ( Fig. 1 and Table 2 ). We also assessed the ability of culture filtrates from a mutant strain of P. haemolytica that does not produce biologically active LKT (7) to bind to bovine PMNs and PBMCs. We did not detect significant binding of this mutant LKT preparation to either bovine PMNs (Table 1) or PBMCs ( Table 2) .
Effects of protease K treatment on LKT binding to bovine leukocytes. We also examined the possibility that there may be a surface protein associated with LKT binding to bovine leukocytes. To do this, we pretreated leukocytes with protease K, under conditions that did not result in the loss of leukocyte viability, and then incubated the leukocytes with biotinylated LKT. Our results indicated that treatment with protease K dramatically reduced binding of LKT to bovine PMNs and PBMCs compared with control leukocytes (Tables 1 and 2 ). Extensive washing of the protease K-treated cells did not alter their susceptibility to killing by LKT (data not shown), suggesting that the absence of binding did not reflect the effect of residual protease K inactivating LKT in the reaction tubes.
P. haemolytica LKT does not bind porcine leukocytes. It has been reported previously that the lethal activity of the P. haemolytica LKT is restricted to bovine and other ruminant species of leukocytes and that cells from other mammalian species tested are unaffected (41) . We tested whether LKT binding might occur in the absence of biological activity by incubating porcine PMNs and PBMCs with biotinylated LKT in vitro. We observed little or no binding of LKT to these cells (Table 3) 
Percent positive cells
a PBMCs were pretreated with protease K and washed before incubation with biotinylated LKT.
b Biotinylated LKT was preincubated with anti-LKT MAb MM601 before being added to cells.
c Data are means Ϯ SEM of three separate experiments. d P Ͻ 0.01 versus all other groups as analyzed by repeated measures analysis of variance and the Tukey-Kramer multiple comparisons test.
e Incubation of PBMCs with biotinylated culture filtrate from an LKT mutant strain of P. haemolytica.
suggesting that the inability of P. haemolytica LKT to kill this species' leukocytes may be related to its inability to bind to the leukocyte surface. In two experiments, we also did not detect binding of LKT to human leukocytes (data not shown).
DISCUSSION
This study describes a new flow cytometry assay for detecting the binding of P. haemolytica LKT to bovine leukocytes. Our results suggest that biologically active LKT will bind to bovine PMNs and PBMCs, with the former demonstrating a stronger signal than the latter. Reasons for this are not clear, but prior publications suggest that neutrophils are particularly susceptible to both the activating and lytic effects of the P. haemolytica LKT and other RTX toxins (1, 4, 8, 13, 14, 19, 20, 23, 25, 26, 33, 38, (42) (43) (44) (45) . Lack of detectable binding by biotinylated culture filtrates from a P. haemolytica LKT mutant suggests that binding was dependent on the presence of active LKT and was not due to other P. haemolytica components (such as lipopolysaccharide) in the culture filtrate. Furthermore, binding of biologically active LKT to bovine PMNs and PBMCs was blocked by addition of the neutralizing anti-LKT MAb MM601 (17) . It is interesting that we did not detect binding when biotinylated LKT was incubated with porcine or human leukocytes, which have been reported previously to be resistant to the lethal effects of the P. haemolytica LKT (41) . Our data suggest that the lack of biological activity of P. haemolytica LKT against nonruminant leukocytes reflects the inability of LKT to bind to these species of leukocytes.
These findings are significant in that there has not been a previous description of a specific binding site for P. haemolytica LKT, or other RTX toxins, on leukocytes. Most of the published reports on binding of LKT, or other RTX toxins, to cells have used biological activity (e.g., lysis) as their readout and did not focus on the binding event itself. However, Bauer and Welch recently reported the direct binding of E. coli hemolysin to sheep erythrocytes and concluded that it was calcium dependent (2) . It is interesting to note that binding of P. haemolytica LKT to sheep erythrocytes was not observed in their system. In the present study, we detected LKT binding directly, without relying on a biological readout. However, our results with the anti-LKT MAb, and with porcine and human leukocytes, suggest that measuring the biological response to LKT might mirror binding.
Our data furthermore suggest that there is a protease Ksensitive molecule, presumably a protein, on the surface of the bovine leukocytes that is required for LKT binding. One might argue that this observation could reflect binding of protease K to the leukocyte membrane, where it could then degrade LKT. However, we believe this to be unlikely. Leukotoxic activity was eliminated by treatment with the same amount of protease K (0.1 mg per ml) used to treat the cells but was only partly reduced by incubation with lesser amounts (0.025 or 0.05 mg per ml). Using a casein hydrolysis assay, we estimated that 53 to 58% of the proteolytic activity added was in the supernatant of protease K-treated cells. We found that protease K-treated PMNs had approximately 20%, and that PBMCs had 10%, more proteolytic activity than control leukocytes in the casein digestion assay. Because 0.1 mg of protease K/ml was needed to completely eliminate LKT leukotoxic activity (there was little reduction with a two-or fourfold lesser amount of enzyme) it seems unlikely that the small amounts of protease K that might be adherent to the leukocytes could account for the nearly complete loss of LKT binding noted in our study. At this time, we cannot prove that the LKT binds directly to a protease K-sensitive protein. It is possible that the putative protein could be involved in some event secondary to the initial binding of the LKT. For example, perhaps some protein associates with the LKT, or stabilizes binding of the LKT to the cytoplasmic membrane, after the LKT first inserts itself into the lipid bilayer.
We have made efforts to identify a protein that is required for the binding of leukotoxin to the bovine leukocyte cell surface by performing ligand blot experiments with biotinylated LKT. Although we have observed a 43-kDa protein that associated with the blotted LKT (three separate experiments), we cannot consistently repeat this finding. Therefore, the identity of a receptor for the LKT, and any biological activity resulting from LKT binding, remains to be established. Identifying a binding site for the LKT would help us to better understand the diverse array of biological effects mediated by this toxin. It is commonly thought that the LKT and other RTX toxins act principally by inserting themselves into the lipid bilayer and forming pores that permit calcium influx and macromolecule efflux (3, 23, 28, 29, 32, 35, 46) . However, there is other evidence that the interaction of RTX toxins with cells is more complex and that binding and some biological activities can be dissociated (9, 30, 31) . This conclusion is supported by previous studies from our laboratory which showed that LKT activation of bovine leukocytes (i.e., release of reactive oxygen intermediates and degranulation) was blocked by verapamil (33) , whereas the ability of the LKT to trigger apoptosis was unaffected (44) . Because we have shown previously that verapamil greatly reduces Ca 2ϩ uptake by LKT-treated bovine PMNs (33), these findings suggest that apoptosis, but not activation, might be less dependent on Ca 2ϩ uptake. This observation is consistent with the hypothesis that more than one signal transduction pathway is responsible for the activating and lethal effects of the LKT for bovine leukocytes.
In summary, we have described a new method for detecting the binding of P. haemolytica LKT to bovine leukocytes and have obtained evidence that the biological activity of the LKT (i.e., cell lysis) is reflected in its ability to bind leukocytes. Our results suggest that nonruminant mammalian species of leukocytes (i.e., pig and human) do not bind LKT, thus explaining why they are resistant to killing by LKT. Our use of an LKT mutant strain of P. haemolytica helps us to exclude the possibility that the binding assay detected some other component of P. haemolytica that was present in the culture filtrates. The results of this study provide new insights into the interactions between P. haemolytica LKT and bovine leukocytes. Identifying what surface protein or other structures are involved in the initial adherence of the LKT to the leukocyte cytoplasmic membrane will help us to better understand how LKT activates the biological responses for which it is noted (e.g., oxidative burst, degranulation, apoptosis). This information might yield new strategies for reducing the severity of, and minimizing the economic losses associated with, pulmonary pasteurellosis.
